Social interaction with an alcohol-intoxicated or cocaine-injected peer selectively alters social behaviors and drinking in adolescent male and female rats.
and scored offline. After the 30 min social interaction session, the demonstrator was removed and the observer was given access to sweetened ethanol (5.6% v/v ethanol sweetened with 0.1% w/v saccharin) and water in two drinking bottles overnight for 13 hours.
Experiment 2: Social interaction with an alcohol-intoxicated peer and voluntary saccharin intake All procedures for experiment 2 were identical to experiment 1, except that observer rats were given two-bottle choice access between a saccharin-sweetened solution (0.1% w/v saccharin in water) and a bottle containing unsweetened water, as described above.
Experiment 3: Social interaction with a cocaine-injected peer and voluntary ethanol
intake On PND 30, at approximately 1730, each rat was weighed and socially isolated for 45 min. The demonstrator was moved to a holding cage, while the observer remained in the home cage. After 45 min of social isolation the demonstrator was administered cocaine (5.0 or 20.0 mg/kg; i.p.) or saline (0.0 mg/kg) and remained in social isolation for an additional 15 min. After the 60 min of social isolation, the demonstrator and observer were reunited in the home cage and allowed to socially interact for 30 min, which was video-recorded and scored offline. After the social interaction session, the demonstrator was removed and the observer was given access to sweetened ethanol (5.6% v/v ethanol sweetened with 0.1% w/v saccharin) and water, as described above.
Social Behaviors
Several social behaviors were assessed offline from the recorded videos. These included social investigation, social contact and social play, using definitions derived from Varlinskaya and colleagues (2001) . Social investigation was defined as the observer sniffing the demonstrator. Social contact was defined as climbing over or under the demonstrator and social grooming. Social play included chasing, pinning, pouncing, and rough and tumble play behavior toward the demonstrator (Varlinskaya et al., 2001) .
Nonsocial behaviors
Nonsocial behaviors quantified, included self-grooming and rearing. Self-grooming was defined as the observer engaging in any grooming behavior toward the observer's own body while not engaging in social activity with the demonstrator (Kalueff et al., 2016) . Rearing was defined as the observer standing on its hind legs in an attempt to explore the environment, which included sniffing the air and served as a measure for environmental exploration (Lever, Burton and O'Keefe, 2006) .
Design and Analyses
Data were analyzed separately for each experiment using a two factor between subjects design ANOVA. Experiments 1 and 2 were analyzed using a two-factor between subjects ANOVA with Peer (2; Intoxicated or Non-intoxicated) and Sex (2; Male or Female) as factors.
Experiment 3 was analyzed utilizing a two-factor between subjects factor ANOVA with Dose (3; 0.0, 5.0 or 20.0) and Sex (2; Male or Female) as factors. The dependent variables for all experiments included social behaviors (i.e., social investigation, social contact, and social play), nonsocial behaviors (i.e., self-grooming and rearing), and consumption data (preference, g/kg, or ml/g). For all behaviors, only the first 10 min of the session was quantified according to the definition in (Varlinskaya, Spear and Spear, 2001) . In the presence of an interaction, subsequent posthoc comparisons (Sidak's test, simple effects) were used to isolate effects. The level for significance was set at 0.05.
Results
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Experiment 1: Social interaction with an alcohol-intoxicated peer and voluntary ethanol intake
Social Behaviors
Social behaviors were quantified during the first 10 min of the session (see Varlinskaya et al., 2001) . Social play was decreased by 54.99 ± 13.63% following social interaction with an alcohol-intoxicated peer in both adolescent males and females ( Figure 1A , p < 0.05) as supported by a significant main effect of Peer [F (1, 37) = 15.48, p < 0.0005]. Social interaction with an alcohol-intoxicated peer increased social investigation behavior by 24.78 ± 10.82% in both adolescent male and female rats ( Figure 1B) as supported by a significant main effect of Peer [F (1, 37) = 4.69, p < 0.05]. There was a strong trend for this effect to be greater in females relative to males {Sex {F (1, 37) = 3.85, p = 0.057). The interaction failed to reach statistical significance. As depicted in Figure 1C , social interaction with an alcohol-intoxicated peer interacted with an alcohol-intoxicated peer compared to adolescent demonstrators that socially interaction with non-intoxicated controls. There were no sex differences in these behaviors. * Indicates a significant main effect of peer.
Nonsocial Behaviors
There was no change in self-grooming behavior, regardless of peer exposure or sex ( Figure 2A) . In general, social interaction with an alcohol-intoxicated peer increased rearing by 22.29 ± 10.20% (Main Effect of Peer [F (1, 37) = 4.59, p < 0.05] compared to those that socially interacted with a non-intoxicated peer ( Figure 2B) . The main effect of Sex and the Sex by Peer interaction failed to reach statistical significance. demonstrators that socially interacted with a non-intoxicated demonstrator peer. There were no sex differences in these behaviors. * Indicates a significant main effect of peer.
Ethanol Intake
Voluntary ethanol intake was assessed as grams of ethanol consumed per kilogram of body weight and as a preference ratio. Voluntary ethanol intake varied as a function of sex and peer as supported by a significant two-way interaction of Sex by Peer [F (1, 39) = 4.14, p < 0.05] and a trend for a main effect of Peer [F (1, 39) = 3.80, p = 0.058]. As shown in Figure 3A , females that socially interacted with an alcohol-intoxicated peer consumed 82.92 ± 27.70% more sweetened ethanol, when expressed as g/kg, relative to females that socially interacted with a non-intoxicated peer (p = 0.02). This effect was absent in males, regardless of peer and there were no statistically significant differences in ethanol intake (g/kg) between males and females.
As depicted in Figure 3B {Sex by Peer [F (1, 39) = 5.39, p < 0.05]}, adolescent females that socially interacted with an alcohol-intoxicated peer showed higher ethanol preference relative to those that socially interacted with a non-intoxicated peer (p < 0.05), an effect that was absent in adolescent males. interacted with an alcohol-intoxicated peer compared to adolescent demonstrators that socially interaction with non-intoxicated controls. There were no sex differences in these behaviors. * Indicates a significant main effect of peer.
Nonsocial Behaviors
Self-grooming and rearing were not altered in adolescent male and female rats that socially interacted with an alcohol-intoxicated peer ( Figure 5 ). Data are presented as mean +/-SEM.
Saccharin Intake
Voluntary saccharin intake was assessed as milliliters of saccharin consumed per kilogram of body weight and as a preference ratio. As shown in Figure 6 , there was no change in voluntary saccharin intake ( Figure 6A) and no difference in preference for the saccharin solution ( Figure 6B ), when the observer socially interacted with an alcohol-intoxicated demonstrator. 
Experiment 3: Social interaction with a cocaine-injected peer and voluntary ethanol intake
Social Behaviors
Social play was dose-dependently decreased in observers that socially interacted with a cocaine-injected demonstrator ( Figure 7A) as supported by a main effect of Peer [F (2, 64) = 14.18, p < 0.0001]. When collapsed across Sex, social interaction was decreased by -39.41 ± 12.86% (p < 0.01) when the adolescent observer socially interacted with a peer that was administered 5 mg/kg compared to controls. Similarly, social interaction was decreased by -69.04 ± 12.73% (p < 0.0001) when the adolescent observer socially interacted with a peer that was administered 20 mg/kg cocaine compared to controls. Additionally, social play behavior lowered by 29.63 ± 12.72% following social interaction with a peer administered 20 mg/kg cocaine compared to social interaction with a peer that was administered 5 mg/kg cocaine (p < 0.01). The main effect of Sex and the Peer by Sex interaction failed to reach statistical significance.
In general, social interaction with a cocaine-injected peer increased social investigation, as supported by a main effect of Peer [F (2, 64) = 3.33, p < 0.05]. However, posthoc analyses failed to reveal any statistically significant differences ( Figure 7B) . The main effect of Sex and the Peer by Sex interaction failed to reach statistical significance. Social interaction with a cocaine-injected peer did not alter social interaction in the observer ( Figure 7C) . The main effect of Sex, the main effect of Peer, and the Peer by Sex interaction failed to reach statistical significance. demonstrators that socially interacted with a cocaine-injected peer compared to adolescent demonstrators that socially interacted with vehicle-administered controls. There were no sex differences in these behaviors. * Indicates a significant difference from 0 mg/kg.
Nonsocial Behaviors
In general, social interaction with a cocaine-injected peer administered 5 or 20 mg/kg cocaine increased self-grooming by 45.10 ± 17.21% or 52.61 ± 16.60%, respectively, compared to social interaction with a peer administered vehicle (0 mg/kg) ( Figure 8A) . Social interaction with a peer demonstrator that was administer 20 mg/kg cocaine showed 35.88 ± 14.42% higher rearing compared to social interaction with a peer administered vehicle (0 mg/kg), regardless of Sex ( Figure 8B ). 
Ethanol Intake
Voluntary ethanol intake was not altered following social interaction with a cocaineinjected peer. However, females consumed 24.07 ± 10.81% more ethanol compared to males ALCOHOL, COCAINE, ADOLESCENCE, SOCIAL INTERACTION 20 ( Figure 9A ) as supported by a main effect of Sex [F (1, 66) = 9.59, p < 0.005]. The main effect of Peer and the Sex by Peer interaction failed to reach statistical significance. However, there were no differences in preference for the ethanol solution following social interaction with a cocaine-injected peer, regardless of sex ( Figure 9B ). 
Discussion
The present work determined which aspects of the social interaction experience influenced changes in ethanol consumption following interaction with an alcohol-intoxicated or cocaine-injected peer. Results from the present set of experiments support the hypothesis that social interaction with an alcohol-intoxicated peer influenced specific social behaviors, in turn increasing voluntary ethanol intake in adolescent female rats. Previous research shows that social interaction with a peer intoxicated with alcohol alters social behavior in adolescent rats, with low doses of ethanol increased social behaviors, such as social play and social investigation, whereas high doses of ethanol decreased social behaviors (Varlinskaya, Spear and Spear, 2001; Varlinskaya and Spear, 2009 ). In addition, social interaction with a drinking or an intoxicated peer can alter drinking behaviors by increasing alcohol consumption in adolescent rats (Maldonado-Devincci, Badanich and Kirstein, 2010; Hallgren et al., 2017) . The present set of experiments conducted in adolescent rats replicated recent work in humans showing that being surrounded by a regular drinker increased the likelihood of the adolescent to drink similarly in both age-matched regular drinking adolescent siblings and age-matched regular drinking friends in both males and females (Scholte et al., 2008; Hallgren et al., 2017; Temmen and Crockett, 2018) . The present research highlights that females are disproportionately affected by exposure to alcohol during adolescence.
Social Behaviors
Experiment 1 was designed to replicate and extend our previous study to 1) examine which behaviors during the social interaction session were altered and 2) how this influenced subsequent ethanol consumption. In this experiment, we showed that social interaction with an alcohol-intoxicated peer increased social investigation and social contact, while simultaneously decreasing social play in both males and females. Experiment 2 was designed to manipulate the solution that was consumed following interaction with an alcohol-intoxicated peer. Similar to experiment 1, we saw increased social investigation, decreased social play, and no change in social contact. These effects were primarily driven by changes in social behaviors in the females as shown in experiments 1 and 2.
Social interaction is an important aspect of the demonstrator-observer paradigm since adolescent animals engage in distinct forms of social interaction, including play behaviors and
